Abstract Objective: To audit paediatric intensive care unit (PICU) transfer activity and transfer-related adverse events in a resource-limited setting. Design and setting: Twenty-
Introduction
Over the past decade and particularly since the publication of the Trent-Victoria study [1] there has been a move towards centralisation of paediatric intensive care in 'developed' countries [2, 3, 4] . This has been accompanied by the development of specialised paediatric retrieval teams (PRT) to undertake the stabilisation and safe transfer of critically ill children from referring hospitals to regional paediatric intensive care units [3] . It is believed that transfer of unstable critically ill children by inexperienced or non-specialised staff is associated with an unacceptably high incidence of adverse events, and that these events are associated with increased mortality [5, 6, 7, 8, 9] . Proponents of a specialised PRT argue that a standing team of trained personnel who have experience of multiple patient transfers, and who are familiar with their equipment and the 'retrieval environ-ment' are best equipped to undertake transfers to a paediatric intensive care unit (PICU) [3, 4, 7, 10] . There is evidence to support this view in that having a PRT decreases the risk of mortality, implying reduced morbidity and fewer adverse events during transfer [8, 10] . There may also be some advantage to resource allocation in that a standing regional PRT benefits from ongoing training and accumulation of experience, whilst smaller district hospitals would no longer have to release personnel to undertake lengthy patient transfers [3] .
However, it should be noted that proponents of the PRT system stand to gain from the additional equipment, funding, and medical and nursing staff, required to provide a standing service. It is also not clear whether the establishment of a PRT produces the expected reduction in mortality [11] . It may be that the benefit of the PRT system is limited to easier access to the regional PICU, with a consequent increase in external referrals and flow of funds [11] . It might even be argued that the PRT-centralised PICU system results in deskilling of referring hospital staff in resuscitation, stabilisation, and transportation [12] .
These questions highlight the need for careful evaluation of regional requirements for paediatric intensive care, and in particular of ongoing assessment of transport systems for critically ill children [13] . These issues have been addressed in the context of 'developed' countries, where resources for the establishment of a PRT are more readily available, but there is scant evidence to guide policy in regions where healthcare resources are limited [14] . The requirements of critically ill children in 'developing' countries, with the additional problems of distance, infrastructure, and fragmented, under funded, or ill equipped, healthcare systems, may be very different [14] .
This study is a prospective audit of the transportation of critically ill children for intensive care at the PICU of a university children's hospital in Cape Town, South Africa. The Western Cape region does not lack centralised healthcare infrastructure in that it currently provides 27 PICU beds per million children, based on a population of 1.1 million children under the age of 15 years (www.cmc.gov.za). However, the relative sufficiency of PICU beds should be viewed in the context of regional public sector healthcare spending of €87 per capita per annum, an infant mortality rate of 30 per 1000 live births, and an under 5 mortality rate of 39 per 1000 live births [15, 16, 17] .
Although this PICU has provided a centralised service for many years, paramedic personnel have traditionally transported critically ill children for intensive care, since limitation of resources has precluded the development of a PRT. Resources would have to be diverted at the expense of other priorities, such as primary healthcare, in order to establish such a service [16, 17] .
The aim of this study was to analyse regional transfer activity and transfer-related adverse events in order to inform policy for optimal transportation of critically ill children in this region, and in similar 'developing' countries.
Materials and methods

Setting and design
The PICU provides 22 (18 intensive care and 4 high dependency) of the 30 dedicated PICU beds available in the Western Cape province of South Africa. It is staffed by four full-time paediatric intensivists and offers a multi-disciplinary service, including paediatric surgical sub-specialities, for critically ill children in metropolitan Cape Town and further afield. The duration of the study was 1 calendar year (1st November 2000-31st October 2001). Only children transferred from other hospitals directly to the PICU were eligible for inclusion. Children transferred to PICU via other departments within the hospital, such as the trauma unit, medical emergency unit, or radiology department, regardless of the duration of their stay, were excluded.
All data were collected prospectively, within 24 h of admission, from the transfer record, the nursing admission record, the medical admission record, and by discussion with the transferring or admitting staff. The following patient and hospital data were collected: age, weight, probability of death predicted by the Paediatric Index of Mortality (PIM) score, observed mortality, diagnosis, time of referral, time of admission to PICU, transferring hospital, transferring personnel, mode of transport, and occurrence of adverse events [18] . In order to exclude children with a low mortality risk who may not have required PICU referral, transfers of children with less than 1% probability of death predicted by PIM were not analysed further.
Diagnoses were categorised according to type of illness as medical, general surgical, trauma (including burn injury), cardiac, neonatal surgical (excluding cardiac), and others. Duration of transfer was defined as the time from telephonic request for admission, or if an elective referral (e.g. for peri-operative care), the time of request for transport to attend at the referring hospital, to the time of PICU admission.
Referring hospitals were categorised according to type and geographic area as academic, metropolitan, or rural. Academic hospitals (n=4) were defined as hospitals within the greater Cape Town metropolitan area (radius of 45 km) with 24-h paediatric registrar cover. Metropolitan hospitals (n=19), both private sector and government sector, were defined as those within the greater metropolitan area, but without 24-h paediatric registrar cover. Rural hospitals (n=15) were defined as district or regional hospitals serving towns or cities beyond the greater Cape Town metropolitan area, up to 1300 km distant.
Transferring personnel were categorised as either PICU or non-PICU staff. PICU staff were rotating paediatric, anaesthetic, or paediatric surgical registrar trainees proficient in core paediatric critical care skills but should not be considered a specialised PRT. Non-PICU staff were either referring hospital physicians or paramedics. The term 'paramedic' does not refer only to personnel with training in advanced life support skills, but includes all paramedical ambulance support staff. Nursing staff did not undertake unaccompanied transfers.
Mode of transport was categorised as road ambulance, helicopter, or fixed-wing aircraft. Both helicopter and fixed-wing transfers were staffed by experienced paramedics with advanced training in life support skills. PICU medical staff would be asked to retrieve unstable patients who required transfer from more distant rural hospitals by fixed-wing aircraft.
At the time of referral, the referring hospital staff would routinely be given telephonic advice on resuscitation, stabilisation, and precautions, such as elective intubation, to be taken prior to transfer.
Technical adverse events
The following data were collected: oxygen saturation monitoring, electrocardiography, blood pressure monitoring, equipment malfunction, type of venous access, whether venous access was functional, endotracheal tube (ETT), route of ETT (oral or nasal), and placement of ETT. The ETT was judged to be misplaced if on admission to PICU, clinical examination suggested intubation of the right main bronchus and the ETT length at the mouth/nose was greater than suggested for age/weight, or if chest radiography (CXR) demonstrated the tip of the ETT at the carina or in the right main bronchus, or if clinical examination and/or direct laryngoscopy demonstrated that the ETT was sited in the pharynx or oesophagus. A technical adverse event was defined as one or more of the following: no monitoring equipment in place ab initio, malfunction of monitoring or other equipment (e.g. oxygen supply), failure to place venous access ab initio, loss of venous access due to displacement or blockage, or malposition of the ETT.
Clinical adverse events
The following data were collected: shock (defined as capillary refill >4 s or hypotension for age, requiring either fluid resuscitation or inotropic support), hypoxia (defined as oxygen saturation <80% in the absence of a cyanotic heart defect), and hypoglycaemia (defined as blood glucose <2.5 mmol/l). Body temperature data were not collected. A clinical adverse event was defined as one or more of the following: shock, hypoxia, or hypoglycaemia, occurring either during transfer or present on admission to PICU.
Critical adverse events
The following data were collected: requirement for emergency intubation due to impending collapse on admission to PICU, or occurrence of a cardiac, cardio-respiratory, or respiratory arrest, either during transfer or on admission to PICU. A critical adverse event was defined as emergency intubation and/or an arrest as above. Probability of death predicted by PIM was calculated for group comparison, and reported as mean with 95% confidence intervals (95% CI). The standardised mortality ratio (SMR), with 95% CI, was calculated from the ratio of observed to expected deaths [19] . Descriptive data are reported as numbers and percentages or as medians and interquartile ranges (IQR). Data were analysed using Fisher's exact or χ 2 test or by analysis of variance for parametric and non-parametric data where appropriate. Data were analysed using Analyse-it statistical software (Analyse-it, UK).
Demographics
A total of 1200 children were admitted to the PICU over the 1-year study period, of whom 234 (20%) were transported directly from other institutions (median age 2.7 months, IQR 1.1-13; median weight 3.5 kg, IQR 2.3-8.1). The 32 patients with less than 1% risk of mortality predicted by the PIM score, all of whom survived to ICU discharge, were excluded. This group included 18 neonates (56%) admitted pre-operatively for neonatal surgical conditions. Thus 202 children (17%) were analysed further (median age 2.8 months, IQR 1.1-14; median weight 3.5 kg, IQR 2.5-8.1).
Demographic and transfer data for the 202 children transferred to PICU are detailed in Table 1 . The type of illness was predominantly general medical and neonatal surgical (76%). Thirty-eight 
Results
Technical adverse events
No venous access was sited in 6% of children. When venous access was obtained, it consisted of a single intravenous cannula in 79%. Venous access was lost due to dislodgement or blockage in 13%. In total, no functional venous access was available in 19% of children.
No monitoring of electrocardiography, pulse oximetry, or blood pressure, was performed during transfer in 11%. Technical failure occurred in 2%, such that inadequate monitoring occurred in 13% of children. Fiftyeight percent (n=118) of children were intubated and ventilated for transfer. The ETT was placed via the oral route in 63% and via the nasal route in 37%. The ETT was malpositioned in 25% of intubated children. The ETT was sited in the oesophagus in 6%. Malposition of the ETT was not related to the route of intubation, being 30% (n=22) in patients intubated orally, and 18% (n=8), in patients intubated nasally (p=0.24). One or more technical adverse events occurred in 36% of children (n=72).
Clinical adverse events
Shock and hypoxia were the most common clinical adverse events. Fourteen percent of children (n=28) were shocked, 13% (n=27) developed hypoxia, and 6% (n=12) were hypoglycaemic. One or more clinical adverse events occurred in 27% of children (n=54). There was a trend for clinical adverse events to occur more commonly in children who also experienced a technical adverse event (n=25, 35%, vs. n=29, 22%), but this trend did not reach statistical significance (p=0.07).
Critical adverse events
Of the 84 children who were not intubated for transfer 13% (n=11) required immediate resuscitation, intubation, and ventilation on admission to PICU. Six per cent of all children (n=13) suffered a cardiac, respiratory, or cardiorespiratory arrest, either during transfer or on admission to PICU. One or more critical adverse events occurred in 9% of children (n=18). 
Referring hospital
See Electronic Supplementary Material 2 for complete data. Children transferred from metropolitan hospitals were older (median age 6.7 months, weight 5.7 kg) and those from academic hospitals younger (median age 1.2 months, weight 2.9 kg) than children transferred from rural institutions (p=0.0001). Children transferred from metropolitan hospitals had higher prevalence of general medical conditions (79%) than those transferred from academic (26%) or rural (41%) hospitals (p=0.0001). Academic hospital referrals had the highest prevalence of neonatal surgical conditions (45%, p=0.0001). A medical physician accompanied only 6% of transfers from academic hospitals. All transfers from academic hospitals were via road ambulance, as were the majority (84%) of metropolitan transfers. The duration of transfer was longer in the case of children transferred from rural (median 6.3 h) than those from academic or metropolitan hospitals (both median 3 h, p=0.0001). These children were more likely to be intubated and ventilated than academic hospital referrals (69% vs. 44%, p=0.006). Sixty-four per cent of children referred from metropolitan hospitals were intubated for transfer. Children transferred from metropolitan hospitals were more likely to experience a technical adverse event (44%) than those from academic (38%) or rural (23%) hospitals (p=0.034). Technical adverse events included misplacement of the ETT in 40% of metropolitan transfers, compared to 19% and 14% of academic and rural transfers, respectively (p=0.015). Children transferred from metropolitan hospitals were also most likely to experience a clinical adverse event (39%), compared to academic (18%) or rural (23%) transfers (p=0.018). Clinical adverse events included shock (metropolitan 23%, academ-ic 7%, rural 11%, p=0.02), and hypoxia (metropolitan 20%, academic 6%, rural 15%, p=0.04). Critical adverse events were also more common in metropolitan transfers (17%) than in those from academic (3%) or rural (7%) hospitals (p=0.009).
Outcome at ICU discharge There were 168 survivors and 34 non-survivors, with a crude mortality rate of 17%. Mean probability of death was 0.15 (95% CI 0.13-0.18) with an SMR of 1.11 (95% CI 0.83-1.39). Two children had a cardiac arrest and died prior to arrival at PICU, one child while still at the referring hospital, and one child while being transferred by PICU staff via fixed-wing aircraft. Demographic and transfer data for survivors and non-survivors are detailed in Table 2 . Survivors and non-survivors did not differ in age, weight, type of illness, or duration of transfer. Although non-survivors did not have a higher incidence of any technical adverse event, they were more likely to be shocked (32% vs. 10%, p=0.004) or hypoxic (26% vs.11%, p=0.04) than survivors. Outcome data are shown in Table 3 . There was no significant difference in crude mortality rate between PICU and non-PICU transfers (20% vs. 16%, p=0.89) or between academic, metropolitan, and rural hospitals (24%, 11%, and 15%, p=0.12). Although the SMR was highest in children transferred by PICU staff and lowest in children transferred from metropolitan hospitals, the 95% confidence intervals are wide and overlapping.
Discussion
This study describes the transfer activity of a regional PICU in a resource-limited setting that lacks a formal system of transport for children who become critically ill. The lack of a regional PRT and the perceived inability of metropolitan and rural hospitals to release medical staff to accompany patients have resulted in the majority of critically ill children being transferred by paramedic staff by default. However, paramedic personnel may not have had training in paediatric advanced life support to equip them to perform this task and may not carry specialised neonatal or paediatric equipment. It follows that many of the deficiencies highlighted are those of the 'system', rather than of a particular group of transport personnel.
We have demonstrated a high incidence of preventable technical adverse events (36%), which is comparable to that previously reported for non-specialised transport teams in 'developed' countries [5, 6, 7, 8] . Given that all these children had more than 1% risk of mortality, the high incidence of failure to ensure adequate venous access, monitoring of vital signs, and correct placement of the ETT, highlights an area of practice that may be improved upon.
Both clinical and critical adverse events occurred frequently, which, again, is comparable to the findings of previous studies [5, 6, 7] . It is of particular concern that 13% of non-intubated children required immediate intubation on admission to the PICU, suggesting either inadequate stabilisation, or failure to recognise the severity of illness, prior to transfer. It has been demonstrated that a PRT increases the number of clinical interventions prior to transfer, and this is supported by our own study [10] . Children transferred by PICU personnel were more likely to receive inotropic support, and less likely to experience a technical adverse event, such as misplacement of the ETT. However, these technical improvements did not translate into a reduction in clinical or critical adverse events. This may be due to the small numbers in this patient group, but others have reported similar findings [8] . Since PICU staff retrieved only 10% of children transferred, all by aircraft from rural hospitals, and therefore inherently different from the other referrals, it became clear during the course of the study that one of the original objectives, an outcome comparison of PICU and non-PICU transfers, would not be possible.
The majority of transfer activity takes place within the greater metropolitan region, i.e. within 45 km from the destination PICU, by road ambulance, and accompanied by paramedic personnel. It follows that it is this category of patients who might derive the maximal benefit from a reorganisation of the transport 'system'.
There are clear differences in the type of patient transferred from academic and non-academic metropolitan hospitals. Children referred from academic centres were younger, smaller, and more likely to have a neonatal surgical condition, such as congenital bowel obstruction or necrotising enterocolitis (data not included). There was a high incidence of technical adverse events, especially failure of monitoring, but this was not associated with a higher incidence of clinical or critical adverse events. In fact, these events occurred less commonly in children from academic institutions, which suggests appropriate clinical assessment of the pre-transfer severity of illness. By contrast, children transferred from non-academic metropolitan hospitals had a high incidence of technical adverse events, particularly misplacement of the ETT, but these technical problems were often associated with physiological deterioration. More than one-third of children transferred from metropolitan hospitals experienced a clinical adverse event, such as shock or hypoxia, and these children also had the highest incidence of critical adverse events.
These problems should be viewed in the context of the resources available. The non-academic metropolitan hospitals are often small, without on-site paediatric or anaesthetic services. However, it appears that resuscitation, stabilisation and referral of critically ill children is problematic not only in the metropolitan areas of 'developing' countries. Kanter [20] has reported higher mortality in children admitted to 'non-PICU' hospitals in New York City than in similar institutions in the remainder of the state. This finding suggests that local problems, perhaps unique to metropolitan areas, affect access and utilisation of existing critical care services.
Although the study is not powered to detect differences in sub-group mortality, it may be useful to compare severity of illness and outcome. The standardised mortality rate of 1.11 suggests that the PICU outcome of these children is comparable to that predicted by a 'developed' world risk model (PIM) [18] . It should be noted that case fatality rates for certain conditions have fallen, and many centres perform considerably better than predicted by PIM, which has not been calibrated for this patient population [21, 22, 23, 24] . The PIM-based SMR may not be an appropriate tool to assess outcome in this study. Since PIM utilises first contact data, the SMR is designed to evaluate the outcome of subsequent intensive care, whether during transfer or in the PICU [18] . Since first contact occurred prior to transfer in children retrieved by PICU staff, but after transfer in children transported by non-PICU staff it is difficult to make valid comparisons between the outcome of PICU and non-PICU transfers. It is also impossible to differentiate between inherent severity of illness and deterioration due to sub-optimal transport that may have contributed to the higher risk of mortality in the non-PICU group. A pre-transfer risk model may be more suited to evaluation of different modes of transfer to PICU [6] .
There was no significant difference in either risk of mortality or crude mortality between referral centres. The differences in SMR suggest a worse outcome for children from academic than for those from metropolitan referring hospitals. This is the opposite of what we might expect, given the higher incidence of clinical and critical adverse events in the latter group. This apparent contradiction highlights the fact that the PIM model has not been validated in the neonatal surgical population that comprises a large proportion of these academic hospital referrals [24, 25] .
Any intervention to improve the quality of PICU transfers should be considered in the context of high infant mortality and underdeveloped primary healthcare infrastructure, problems common to many 'developing' countries [16, 17] . Given limited resources and competing healthcare priorities, policy decisions should be made on the basis of objective data, such as the projected impact of a PRT on mortality. Due to the limitations of the data we are unable to reach valid conclusions as to the projected effect of a PRT on PICU outcome, although it is possible to make recommendations based on the incidence and pattern of adverse events.
Academic hospitals
Simple pre-transfer technical interventions, such as adequate monitoring of vital signs and functional venous access, might be expected as the norm. It should be noted from the data that these measures might not have great impact on PICU mortality in this group.
Non-academic metropolitan hospitals
Children referred from these hospitals have the highest incidence of adverse events (technical, clinical, and critical), and might derive most benefit from interventions designed to improve the quality of transfer to PICU. Pre-transfer technical interventions would reduce the high incidence of technical adverse events, and allow recognition of physiological deterioration en route. Clinical interventions required to stabilise a sick child for transfer, such as airway intubation, venous access, and fluid resuscitation, are not exclusively the province of PICU personnel [26] . There is a strong case for ensuring that all medical personnel in this region who provide inpatient or emergency care for children, should be trained in paediatric life support skills [26, 27] .
Critically ill children who remain unstable despite appropriate resuscitation measures, or who require a highlevel of ongoing cardio-respiratory support might benefit from the availability of a PRT [10] . A standing PRT with training in critical care and transport medicine could be deployed rapidly over the short distances (<45 km) from the regional PICU. The argument that a PRT would result in deskilling of referring hospital staff is not valid since only two PICU transfers occurred per hospital per year [12] .
From the data a PRT would be expected to have an impact on the high incidence of technical adverse events [6, 7, 8, 10] . Given the association between technical and clinical adverse events, a PRT might also reduce the high incidence of physiological deterioration [6, 7, 10] . It should be noted that shock and hypoxia were the only adverse events, technical or clinical, which were associated with mortality. We speculate that a PRT would reduce the incidence of cardio-respiratory adverse events, with a consequent reduction in PICU mortality. Further prospective studies are needed to confirm this hypothesis.
Rural hospitals
Children transferred from rural hospitals are potentially at greatest risk for adverse events, due to longer distances, duration of transfer, and a hostile air transfer environment. Retrieval of all rural hospital referrals by a PRT would be expected to maintain a low incidence of technical adverse events, but the impact on clinical adverse events and PICU mortality remains to be seen [6, 7, 8, 10] .
Conclusion
The majority of critically ill children in this region are transported by road ambulance, accompanied by para-medic personnel. The incidence of technical, clinical, and critical adverse events is unacceptably high, particularly in transfers from non-academic metropolitan hospitals. Training in advanced paediatric life support skills might reduce the incidence of adverse events in these children. The establishment of a PRT might reduce the incidence of technical adverse events, and it would be reasonable to expect a parallel reduction in the incidence of cardio-respiratory adverse events during transfer. Further prospective studies would be necessary to demonstrate the impact of a PRT on PICU mortality. In 'developing' countries with limited resources the costs and projected benefits of such a PRT would need to be balanced against competing primary healthcare priorities.
